Abstract. Twenty-six specific-pathogen-free pigs were fed pure cultures of Treponemu hyodysenteriue. Five untreated pigs were controls. Distribution of this large spirochete in pigs with swine dysentery was shown by the indirect fluorescent antibody technique. Findings by this method were compared with those from dark-field examination of colonic mucosal scrapings and from tissue sections. The cultures caused mucohemorrhagic colitis which by 10 days after inoculation was indistinguishable from the colitis of swine dysentery. Control pigs remained normal. Pigs killed when spirochetes were first seen in their feces had normal colonic mucosa with only a few spirochetes. At the first sign of diarrhea, however, the colonic mucosa was thicker than normal and had many spirochetes. T. hyodysenreriue was confined to regions of hypertrophy and exudation of the large intestine mucosa throughout the course of disease.
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Culture studies, dark-field microscopy, special staining techniques and electron microscopy have suggested a relationship between T. hyodysenreriue and swine dysentery [14] [15] [16] . Observational limitations, however, have precluded correlation of the findings with the development of the disease. Culture and dark-field observations place the organisms only in the gross vicinity of the lesion; special staining techniques do not identify organisms specifically, and electron microscopy gives a very selective view of the morphologic relationship between the organisms and the disease. We used specific immunofluorescent staining of T. hyodysenreriue in the affected tissues to correlate the presence of the organisms with the development of the lesions.
A mucohemorrhagic diarrhea disease of pigs was shown to be distinct from hog cholera and salmonellosis in 1921 and was named swine dysentery [26] . A large spirochete was associated with the lesions but feeding a mixed culture containing the organism did not produce the disease. A comma-shaped organism also was seen in swine dysentery at that time and was later isolated and named Vibrio coli. This was considered the cause of the disease [9-111. Although V. coli was generally accepted to be the cause of swine dysentery [4,7, 10, 111, this organism has been commonly found in normal pigs [2, 8, 131 , and in 490 several investigations pure cultures of V. coli have failed to produce disease [2-4, 171. Recently attention has been refocused on the large spirochete [25] . A similar organism has been isolated in pure culture. This organism has been characterized, named T. hyodysenreriue and used to induce swine dysentery [14, 15, 17, 241. Initial immunofluorescence studies in which the large spirochetes were seen in fecal smears from pigs with dysentery were first reported in 1968 [25] . Immunoglobulins from pigs convalescing from dysentery were used. Workers in The Netherlands [l] reported the use of both direct and indirect fluorescent antibody procedures to confirm the presence of large spirochetes in fecal smears of swine with swine dysentery but not with other intestinal disorders; spirochetes were detected in 46 of 47 herds in which swine dysentery was diagnosed. These researchers reported that the organisms could be detected only in feces of abnormal consistency and that spirochetes could be seen in experimentally infected piglets as soon as there were signs of dysentery. When signs disappeared, spirochetes were no longer detectable in fecal smears. They also demonstrated that spirochetes, although decreased in numbers could be found in feces stored at 4" C for 7 days. Fluorescent antibody titers against the large spirochetes varied from 1:20 to 1:1280 in pigs that had been recovered from clinical swine dysentery from 1 to 8 weeks [l].
Workers in England [19] reported using a serum agglutination test for swine dysentery. Their antigen was prepared from a strain of spirochetes known to be pathogenic for pigs. The means of their serum agglutination titers were higher in herds of pigs with a history of swine dysentery than in herds with no history of the disease.
In studies reported from Indiana [18] the large spirochete T . hyodysenreriues was isolated in pure cultures and these cultures were used in pathogenicity studies. Swine dysentery was produced in both orally inoculated intact pigs and in colonic loops surgically isolated in sifu. Parenteral injections of the large spirochete into pigs or into laboratory animals produced no disease.
Materials and Methods
Thirty-one 8-week-old specific-pathogen-free, Conner Prairie hybrid pigs were used. The pigs were ear-tagged at the time of arrival, divided into five groups of five animals each and one group of six, and quarantined for 2 weeks in isolation rooms. The animals were fed ad libirum on a commercial grower ration that did not contain antibiotic supplement. Rectal swabs were obtained from each animal three times during the quarantine period. The swabs were cultured for enteric pathogens, and fecal smears from these swabs were examined for large spirochetes by dark-field microscopy.
The inoculum was prepared from a pure culture of T. hjodjsenreriae (Strain T-326, 13th laboratory passage), that had been isolated from the colon of a pig fed minced colon from a pig with naturally occurring swine dysentery. Techniques for isolation of the organism and preparations of the inoculum for oral administration to pigs have been described [18] . Contents from 11 blood agar plates containing spirochetal growth were suspended with equal volumes of sterile phosphate-buffered saline of which 10% was sterile gastric mucin. The inoculum was examined by dark-field microscopy for motile organisms. About 25 milliliters of this suspension was inoculated orally into each animal.
Fluorescent Antibody Procedures
Anti-treponema serum was prepared in four young adult rabbits (A, B, C and D) from a commercial source. A fifth rabbit (K) was a saline control. The antigen was a live culture of T. hyodysenteriae (Strain B-110). The rabbits each received a series of four injections 7 days apart. Each inoculation was a 1 milliliter suspension of the organisms which had been washed twice and resuspended in phosphate-buffered saline as described [18] . The absorbence of the culture suspensions used in the inoculation series was between 0.54 and 0.27x lo-' millimeters, on a Coleman Junior spectrophotometer, Model 6C at a wave length of 540 nanometers. The first injection was subcutaneous and the next three were intravenous. One rabbit died because of anaphylactic shock after the third injection of live antigen. The remaining rabbits were given a subcutaneous dose of an antihistamine 2 hours before antigen inoculations. Serum from all rabbits was collected and stored at 20" C.
Two-fold dilutions of sera from rabbits that had been hyperimmunized with T. hyodysenteriae were tested by an indirect fluorescent antibody procedure. A commercially obtained fluorescein-labeled goat anti-rabbit serum and acetone-fixed smears of pure cultures of T. hyodysenteriae were reagents. Serum from rabbit A had the highest anti-treponema titer (1:1024) and was used in subsequent indirect fluorescent antibody procedures ( fig. 1, 2 ). For routine indirect fluorescent antibody tests, the labeled anti-rabbit serum was used at a 1:128 dilution with phosphate-buffered saline for optimum fluorescence of the large spirochete without nonspecific staining. Anti-treponema serum from rabbit A was used at a dilution of 1 :32 in phosphate-buffered saline. All preinoculation sera from rabbits, postinoculation sera from rabbits and postinoculation serum from phosphate-buffered-saline injected rabbits were free of specific immunofluorescence.
Tissues collected from pigs at the time of necropsy for the fluorescent antibody procedure were frozen immediately on dry ice after placing them on 2-inch squares of aluminum foil. These tissues were stored at -70" C. Frozen sections 6 micrometers thick, were placed on a clean 1x3 inch glass slide, fixed for 10 minutes in reagent grade acetone and allowed to dry. These slides were stored at 4" C for no longer than 48 hours before fluorescent antibody procedures were done.
Acetone-fixed frozen sections were dipped in phosphate-buffered saline containing 3% tween-80. They were drained, air dried and placed on wooden racks. They were then covered with either phosphate-buffered saline (negative control) or rabbit anti-treponema serum at a dilution of 1:32 and incubated in moisture chambers at 37" C for 30 minutes. Excess anti-treponema serum was removed by dipping the slides twice in distilled water and bathing with continuous agitation for 10 minutes in phosphate-buffered saline. Sections were again dipped in phosphate-buffered saline tween-80, drained and dried. They were then covered with a 1:128 dilution of goat antirabbit conjugated serum, incubated at 37" C in the moisture chamber for 30 minutes, dipped twice in distilled water and rinsed for 10 minutes in phosphate-buffered saline. After removing the sections from the saline rinse, they were dipped twice in distilled water to remove excess salt precipitate. They were then covered with two drops of buffered 50% glycerol, a coverslip and examined. The fluorescent antibody preparations were examined on a Leitz Ortholux microscope equipped with darkfield fluorescence optics. The light source was a high pressure mercury vapor lamp (HBO 200 4W) with a KG1 heat suppression filter and two BG-38 infrared suppression filters. Exciter and barrier filters were KP490 and K530, respectively.
Twenty-six pigs were orally inoculated with 25 milliliters of T. hiodysenteriae in blood agar. There were clinical signs in the first pig 10 days after inoculation. Thereafter, darkfield examinations of fecal smears from all pigs were done daily. Pigs were necropsied as follows: six at first detection by dark-field microscopy of spirochetes in formed feces; nine when clinical signs of dysentery appeared; five that had bloody diarrhea for 5 days; and five that had bloody diarrhea for 10 days. Five pigs were uninoculated controls. They were killed and examined when the disease was determined in the principal group. Clinical signs, large spirochetes on necrotic superficial surface extends into crypt lumina.
including high rectal temperatures, were determined and recorded after dysentery appeared in the first animal. A comparison of body weights was made between pigs with dysentery for 10 days and control pigs.
Necropsy Procedures
Pigs from all groups were electrocuted, exsanguinated and examined immediately. Colonic contents were examined by dark-field microscopy for spirochetes. Mucosal scrapings from each pig were taken from the cecum, proximal spiral colon, spiral colon, reversal point of spiral colon ("apex"), distal spiral colon, descending colon and rectum for dark-field microscopy. Tonsil, stomach, pancreas, duodenum, jejunum, ileum, cecum, apical colon, distal colon, rectum, colonic lymph nodes, mesenteric lymph nodes, liver and spleen were collected for fluorescent antibody examination. The brain, tonsil, lung, liver, stomach, pancreas, duodenum, jejunum, terminal ileum, cecum, proximal and distal colon, rectum, mesenteric lymph nodes, colonic lymph nodes, kidney and spleen were collected for histologic study. Immediately after the pigs died tissues were fixed in neutral phosphatebuffered 10 percent formalin, and later were embedded in paraffin, sectioned at 6 micrometers and stained.
Bacteriologic Procedures
Segments of the colonic wall and adherent contents from all pigs were collected at necropsy and inoculated into tetrathionate enrichment medium. These broth cultures were incubated for 18 hours at 37" C after which small aliquots were streaked onto brilliant green agar plates, incubated for 18 hours, and examined for enteric pathogens. Selected colonic specimens were cultured for 7. hjodwenreriae [ 151.
Results

Clinical Signs
Initial clinical signs of swine dysentery appeared in pig 115 10 days after oral inoculation with pure cultures of 7. hyodysenteriue. The signs in all pigs were similar. There was slight depression, a tucked-in-flank and mucohemorrhagic diarrheic feces containing flakes of fibrin and necrotic colonic mucosa. Although pigs were systematically killed and included into groups at different times in the course of dysentery in the herd, all became affected by 37 days after inoculation (table I) .
Dark-Field Examination of Fecal Smears
Daily dark-field examinations of fecal smears were begun on the 10th day after inoculation when signs of dysentery appeared in the herd ( fig. 3) . Eight of the remaining 25 inoculated pigs had a few organisms morphologically similar to T. hyodysenteriue in their normal feces. Pig 115 had many spirochetes in its feces and had dysentery. Large spirochetes often were in feces 1-4 days before diarrhea. Almost half of the inoculated pigs, however, had neither diarrhea nor any detectable spirochetes in their feces before dysentery developed ( fig. 3 ). When pigs were allowed to develop disease, large spirochetes were numerous in fecal smears at the onset of diarrhea. Nine pigs that had been clinically normal or had had a few spirochetes in their feces one day had developed dysentery with numerous spirochetes in their feces the following day. Large spirochetes were found throughout the course of the disease in fecal smears of all pigs allowed to develop dysentery. One pig recovered after being affected with dysentery for 8 days. No spirochetes were detected in fecal smears from this pig after the disappearance of dysentery ( fig. 3 ). Before inoculation, dark-field examination of fecal smears was negative for large spirochetes, and although control pigs were examined daily, they remained negative for large spirochetes throughout the study (table 11) .
Gross Patholoa
Six pigs were killed and necropsied when there were small numbers of spirochetes in formed feces. These pigs were included in a predysentery group of pigs (tables I-IV). The color of their feces was lighter than normal and soft. There were no gross lesions in these pigs except for patchy areas of mild hyperemia in the colonic "apex."
Nine pigs that had been clinically normal or had had a few spirochetes in their feces one day and had developed dysentery the next day were killed and necrop sied. Six pigs had dysentery and three had yellow mucoid diarrhea before necropsy. All had spirochetes in their fecal smears (table I) . Gross lesions were limited to the large bowel and ileocecal valve except in pig 141 which also had a granular, red gastric mucosa (table 111) . The stomachs of all pigs were filled with feed. The wall of the large intestine was thick, especially in the "apical" colon. MUCUS, streaks of blood, and small patches of fibrin, especially over the summits of rugae were most prominent in the "apical" colon. There was edema of the mesentery of the spiral colon and the colonic lymph nodes were enlarged and excessively moist. In pigs that had had dysentery only 24 hours before necropsy, there was an accumulation of partially digested food in the terminal ileum. The cecal mucosa and the mucosa of many of the most proximal colonic coils were covered with scanty mucoid exudate. The lesions were progressively more severe toward the "apex" of the colon, and they were less severe in the distal colon and rectum. Three of the six pigs without gross pseudomembranous lesions in the cecum had moderate numbers of spirochetes in the cecum (table 11) .
A few of the pigs that had had dysentery for 5 days before necropsy developed lesions in places other than in the large bowel, ileocecal valve and fundic portion of the gastric mucosa. The stomach of pig 142 was empty and there was edema of the gastric submucosa (table 111). The stomachs of the other pigs had food; the gastric mucosa was red in four of the five pigs. There was catarrhal inflammation of the terminal ileum of pig 143. Pseudomembranous inflammation of the gastric pylorus and proximal small intestine in pig 159 was marked by white discoloration and thickening of the gut wall. In contrast to the pigs that had dysentery for 1 day, three of these pigs had gross pseudomembranous inflammation with exudate in the cecum and distal colon. There was diffuse hemorrhagic exudate in their colons and a fibrinonecrotic membrane over most of the large intestine mucosa (fig. 4) . The colonic wall was thicker than normal from the ileocecal valve to the rectum. The mesenteric coils were edematous and the serosa of the spiral colon was red. There were petechial hemorrhages along the serosa at the mesenteric attachments. The colonic nodes were enlarged, wet and red. There were 40-50 milliliters of clear fluid in the peritoneal cavity. The fluid clotted when exposed to air. The adrenal glands also were enlarged. Of the six pigs necropsied 10 days after dysentery developed, five had gross ' 0 = none; 1 = few; 2 = moderate; 3 = many: 4 = numerous; NE = not examined. lesions (table 111) . Pig 103 had recovered completely and had no gross lesions. Generally, the gross pathology was confined to the large bowel, ileocecal valve and gastric mucosa; however, pig 109 had submucosal edema of the stomach and pseudomembranous inflammation of the pyloric and duodenal mucosa. Most stomachs were filled with food. The large bowel lesions differed from those of pigs with dysentery for 5 days in that there was a diffuse fibrinous cast over granular, patchy, red, apparently healing mucosa of most pigs. This fibrinous membrane could be easily removed in sheets. The exudate in the lumen of the colon was brown-red, watery, contained little mucus, and was mixed with flakes of fibrin to give the contents a brown-red, watery appearance. The ceca and rectums were less severely affected.
In all pigs except the one that recovered, the large intestine mucosa was thicker than normal even when the fibrinous membrane was removed. The control pigs had no gross colonic lesions.
Dark-Field Examination of Colonic Scrapings
Scrapings taken from hyperemic and normal areas of all pigs before they developed dysentery had few large spirochetes. In most pigs allowed to develop dysentery, various parts on the large bowel had spirochetes (table 11). The recovered pig (103) and control pigs had no spirochetes.
Microscopic Pathology
When HE-stained, the colonic mucosa of the clinically normal infected pigs differed little from that of the control pigs. There were a few focal erosions on the colonic surface. Focal erosions were associated with bacterial colonization and dilation of crypt mouths which in these areas had excess mucus. A few protozoan parasites morphologically similar to Buluntidium cofi were associated with the bacterial colonies on the colonic mucosa of some normal but infected pigs.
Other organs were normal except the lungs in which there were small accumulations of lymphoreticular cells around small bronchioles and blood vessels in treated, normal and control pigs.
When pigs were allowed to develop dysentery there was an increase in the length of the colonic crypt. The surface of the mucosa was covered by inflammatory and necrotic epithelial cells. There was necrosis of the surface epithelium and exudation of fluid and inflammatory cells from the exposed lamina propria. The superficial vessels of the lamina propria were engorged and some had platelet thrombi. The connective tissue fibers in the crypt shoulders were spread apart by pink fluid which was also in the lumen. Hemorrhage was noted in the superficial lamina propria in some areas. The surface epithelium was attenuated, desquamated and necrotic. Focal sloughing of sheets of epithelium had occurred. In other areas neutrophils had infiltrated into the edematous lamina propria and the crypt shoulders were swollen. In areas where the epithelium had ruptured, there was an outpouring of fibrin, edema and neutrophils. The underlying capillaries had ruptured in some areas and free blood was found in the lamina propria and lumen. The mucus from the crypt columns had increased greatly. The excessive number of ruptured goblet cells produced thick columns of mucus. Tags of lamina propria were collapsed between streams of mucus. As these streams of mucus reached the lumen, they were mixed with inflammatory cells, primarily neutrophils, a few mononuclear leukocytes and sloughed necrotic epithelial cells. There were many mucus-filled cells in the epithelium, lining the upper third of the cryptal column walls, and there was an increase of undifferentiated cells at the cryptal bases. There were many mitotic figures in the cryptal column bases and in the lower third of the colonic cryptal column. Numerous bacterial colonies were in dilated, mucus-filled crypt openings and necks. Balantidium species were found in moderate numbers in the surface exudate. The deep lamina propria was infiltrated with fluid, mononuclear leukocytes and a few neutrophils. Severe mucosal necrosis was usually segmental. In the most affected areas there was coagulation necrosis of the upper third of the colonic cryptal columns and the parts of the cryptal shoulders including blood vessels within the lamina propria.
The submucosa was edematous. There was hyperemia and early thrombosis of the submucosal vessels and infiltration of the submucosal connective tissue with mononuclear leukocytes and a few neutrophils. The serosal connective tissue fibers were separated slightly by fluid and infiltrated with inflammatory cells.
There were few microscopic changes in the gastric mucosa of most of these pigs. There was edema and hyperemia of the most superficial areas of the lamina propria. Platelet thrombi were in some of the vessels. The parenchymal cells of livers and kidneys were mildly granular and slightly enlarged. Mononuclear leukocytes were scattered throughout the hepatic sinusoids.
Changes in the colonic mucosa of pigs allowed to live with dysentery for 5 and 10 days differed little from those in pigs with dysentery for 1 day. The mucosa was thick and covered by a fibrinonecrotic membrane and excessive mucus; it was diffusely eroded and the necrotic exudate looked caseous. Edema and hyperemia of the lamina propria was more extensive. There also was a more intense infiltration of the lamina propria with leukocytes, primarily polymorphonuclear leukocytes. An inflammatory infiltrate consisting mainly of polymorphonuclear leukocytes had formed between the overlying fibrinonecrotic membrane and the lamina propria. The crypts were dilated with mucus and infiltrated with polymorphonuclear leukocytes. There was also an increase in the number of mononuclear leukocytes and plasma cells in the lamina propria. There were excessive numbers of undifferentiated cells in the bases of the colonic crypts and there were numerous mitotic figures. Four pigs had hypertrophy of the middle third of colonic crypts.
The colonic mucosa of pig 103 was nearly normal. There was an infiltration, however, of many mature plasma cells and a few polymorphonuclear leukocytes into the lamina propria. There was also an increase in the goblet cell population of the colonic cryptal columns, but the mucosal thickness was nearly normal. There were a few undifferentiated epithelial cells in the colonic cryptal column bases. The hyperemia of the lamina propria had almost subsided but there were minute focal superficial erosions. Focal accumulations of mucus were seen on the mucosal surface and in colonic cryptal openings. There were small scattered lakes of pink fluid in the submucosa as well as mononuclear leukocytes and plasma cells.
There was an intense cellular infiltration of the lamina propria of the small intestine and necrosis of the surface epithelium in the duodenum of pig 159. The small intestines of other pigs were normal except for an increase in the number of goblet cells and accumulation of mucus on the surface of the terminal ileum of pig 143.
In pigs with prolonged dysentery, a variety of lesions could be related to the colonic disease. In the kidneys there were hypercellular, swollen glomerular tufts with pink platelet thrombi in capillaries and protein droplets in a few Bowman's spaces. The parenchymal cells of the liver and renal tubules were swollen and granular. There were minute aggregates of mononuclear leukocytes, possibly extra medullary hematopoiesis, in the hepatic parenchyma and some pigs had mild reticuloendothelial cell proliferation in the splenic red pulp. One adrenal medulla had a focal accumulation of mononuclear leukocytes. Pink fluid in the cortical sinuses of the colonic lymph nodes was accompanied by neutrophils and eosinophils in the sinuses and medulla. There was hyperplasia of the lymphoid follicles and increased numbers of mononuclear leukocytes and reticuloendothelial cells in the medullary cords.
No changes were seen in tissues of the control pigs. The superficial epithelium of the colonic mucosa was intact and the colonic crypts were free of debris. The lamina propria was infiltrated with a few scattered eosinophils and mononuclear leukocytes. The lamina propria between the cryptal columns was about the same width as one colonic crypt. The columns were much less crowded than those of diseased pigs. There was little evidence of proliferation of stem cells in the cryptal column bases, and the epithelium lining cryptal columns and luminal surfaces of the mucosa was one cell layer thick. Few mitotic figures were seen in the nuclei of these epithelial cells.
The indirect fluorescent antibody studies showed massive numbers of fluorescent spirochetes in the mucosa of the cecum, colon and rectum of pigs allowed to develop dysentery (table IV) . There were a few fluorescent spirochetes in the colonic lymph nodes of two pigs and in the duodenum of one. Most of the fluorescent spirochetes were in the surface mucus and in the mouths and necks of the colonic crypts ( fig. 5 ). Few spirochetes were found in the lower third of the cryptal column ( fig. 6 ). Large spirochetes were most numerous at the apex of the spiral colon, and significant numbers of large spirochetes were found only in the large intestine mucosa.
Few organisms with a specific yellow-green fluorescence and a serpentine shape similar to T. hyodysenreriae were found in pigs before they had dysentery. Most of the tissues from these pigs showed no fluorescence. No large fluorescent spirochetes were seen in the tissue of control pigs.
Although rectal temperatures and daily weights were taken throughout this experiment, they differed little from previously reported studies [18] and are not included.
Isolation and Bacteria
Salmonella ryphimurium was isolated from the cecum of one pig. E . coli was isolated from the large intestine in both the principal and the control pigs. T . hyodysenreriae was isolated from large intestine scrapings of infected pigs by techniques previously described [ 151.
Discussion
By comparing various stages of development of the colonic lesion we can propose the following hypothesis for the sequence of events. The rapidly proliferating spirochetes on the colonic mucosa produced a toxic metabolite that triggered hyperemia of the superficial venules of the lamina propria and excessive production of mucus from colonic cryptal columns which caused diarrhea. Inflammatory edema probably occurred in the colonic cryptal shoulders subsequent to the initial hyperemia; thus the shoulders became swollen and began to leak serum. Simultaneous attenuation and necrosis of the epithelium, associated with spirochetal proliferation, produced focal erosions and subsequent ruptures of the colonic cryptal shoulders. Vessels of the underlying lamina propria were exposed and severely damaged. Hemorrhage occurred into the lumen of the colon and dysentery began.
The exudation of blood and excessive mucus secretion may have created an environment favorable for the overgrowth of opportunist organisms such as V. coli. These organisms along with the spirochete then invaded the damaged lamina propria, potentiated the tissue necrosis and produced the more advanced fibrinonecrotic inflammation of the colonic mucosa seen in later stages of swine dysentery.
Pig 103 had dysentery for 8 days and recovered. We assume that stimulation of the secretory immune response [5, 6, 211 , the inflammatory response and subsequent regeneration caused rapid recovery. These factors along with hypermotility of the gut would remove irritating agents from the colon. This would help control the spirochetal proliferation and bacterial invasion and allow healing to occur. An indication that an active local immune response had occurred was the intense cellular infiltration of the colonic mucosa of the recovered pig.
Secondary invasion by normally nonpathogenic microflora of the colon or the effects of their endotoxins also could contribute to the increased vascular permeability and vascular changes seen in internal organs other than the colon. The possibility that T. hyodysenteriue produced toxins that played a role in the induction of the vascular changes after systemic absorption was not investigated. The enlargement of adrenal cortices noted in pigs with chronic dysentery may have resulted from a combination of prolonged stress, electrolyte imbalance and prolonged colonic inflammation.
The emaciation of pigs killed 10 days after dysentery began could be partially explained by dehydration, loss of blood and vital serum constituents and loss of colonic mucosa. In addition, there probably was a decrease in the ability of the pigs to produce vitamins synthesized by the normal colonic flora [12] . Most of the pigs killed had full stomachs, which indicated they continued to eat in spite of disease. Nevertheless, there may have been a decreased caloric intake through interference with the activity of the normal bacterial flora in the coiled colon. These organisms probably are capable of digesting cellulose and in this way providing energy to the host. Under conditions of colonic disease such as dysentery, this source of energy may be lost. Man receives a few calories by bacterial digestion of cellulose in the colon [13] .
The gastritis and duodenitis in some pigs might have been caused by secondary invasion by Gram-negative organisms or toxemia [20, 221 . The gastritis may have developed because the acid-producing mechanism of the stomach was impaired, and thus coliform organisms or Vibrio species, normally found in great numbers only in large intestines, were able to colonize the stomach or upper small intestines. Feeding alkaline diets to pigs may impair the protective acid-producing mechanism of the stomach which determines the bacterial content of the small intestine. This mechanism was reported to be impaired in pigs chronically ill from hog cholera [23] . Caution should be used in interpretation of the bacterial disease in the duodenum of two pigs because a Salmonella was isolated from one of them.
Although the fundamental mechanism of colonic disease in pigs fed pure cultures of T. hyodysenteriae was not shown, some findings of mucosal disease in dysenteric pigs did emerge. There was an incubation period during which T. hyodysenreriae overcame the defense mechanisms of the colon. This enabled proliferation with production of disease. Large spirochetes were in fecal smears in great numbers only when there were clinical signs of diarrhea which was directly related to the increase in the number of these spirochetes on the colonic mucosa. We postulate that this increase was directly responsible for the clinical signs of dysentery. The slow multiplication of T. hyodysenreriae early in the incubation period may have been associated with elaboration of a toxin. This might have caused the mild focal hyperemia of the lamina propria. This condition could have altered the oxidationreduction potential across the mucosa which may have induced shifts in the colonic microflora and possibly created favorable conditions for rapid spirochetal multiplication.
The rapid proliferation of opportunistic organisms [17] may have been triggered by the leakage of serum and hemorrhage from a damaged mucosa. These organisms may play a major role in the production of the fibrinonecrotic membrane found later in the course of the disease.
